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(54)TOe: METHOD FOR TREATING XEROSTOMIA EMPLOYING CHEWING GUM 



(57) Abstract 



A method for treating xerostomia, or dry mouth, not caused by exercising, employs a specially formulated chewing gum. 
The method involves chewing a sugarless gum which contains a relatively insoluble, hydrophobic, food-grade organic acid, such 
as adipic acid. Chewing the gum gradually releases the acid at a desirable linear rate over a period or about 20 to 30 minutes. 
Slow release of the acid from the gum results in an increase in salivary flow rate in xerostomia non-exercismg patients having de- 
creased salivary gland function. 
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METHOD FOR TREATING XEROSTOMIA EMPLOYING CHEWING GUM 

CROS S - REFERENCE TO RELATED APPLICATION 

This is a continuation-in-part of copending 
application Serial No. 07/182,476, filed April 15, 1988. 

BACKGROUND OF THE INVENTION 
Xerostomia, or dry mouth, is a generally sub- 
jective condition characterized by insufficient intra- 
oral salivary secretion. The word "xerostomia" desig- 
nates a symptom (dry mouth) rather than a particular 
ailment causing the symptom, but the condition usually 
results as a side effect from use of certain drugs or 
from radiation therapy as a cancer treatment, which in 
some cases co-incidentally damages the salivary glands. 
As used herein, "xerostomia" designates a condition in 
a patient having salivary glands with decreased salivary 
gland function, for example, due to permanent damage or 
as a side effect to drug therapy, which patient, however, 
still has some rudimentarily functioning salivary glands. 

R.L. Ream et al. U.S. Patent 4/151,270, issued 
April 24, 1979, and assigned to the Wm. Wrigley Jr. 
Company, discloses a chewing gum composition for use by 
athletes and other persons to stimulate salivation while 
exercising, comprising 3 percent by weight of an organic 
acid and fructose. 

K.C. Hoerman et al. U.S. Patent 4,568,537, 
issued February 4, 1986, and assigned to the Wm. Wrigley 
Jr. Company, discloses a range of dental health gum 
compositions which are useful in preventing tooth 
demineralization and in providing tooth remineralization. 
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These gum compositions contain a relatively insoluble, 
hydrophobic, food-grade organic acid, such as adipic 
acid. 

SUMMARY OF THE INVENTION 
It has been found that chewing, by a non- 
exercising xerostomia patient having decreased salivary 
gland function, i.e. while not exercising and not having 
recently increased mouth dryness by exercising, for a 
period of at least about 20 minutes, of a sugar gum or 
a sugarless gum which contains a relatively insoluble, 
hydrophobic, food-grade organic acid having a water 
solubility of less than 20,0% by weight at 37 °C or a 
degree of hydrophobicity sufficient for retention of 
the acid in a non-polar chewing gum base, yet releas- 
able therefrom over an extended period of time during 
chewing of the gum, preferably adipic acid, results in 
an increase in salivary flow rate. Chewing of the gum 
effects a gradual release of the acid from the gum at a 
desirably linear rate over ja period of about 20 to 30 
minutes during which" the acid is effective to stimulate 
saliva at a flow rate greater than that experienced 
during chewing a non- acidulated chewing gum. Gradual 
release of the hydrophobic acidulant from the gum stimu- 
lates salivation at a maximum rate for a prolonged 
period of time. 

Thus, the present invention utilizes acids in 
a safe, natural system for treating xerostomia in an 
enjoyable manner and at a low cost. 

DETAILED DESCRIPTION 
The present invention stimulates salivary 
flow in xerostomia patients. As is well known, sali- 
vation is an important physiological function which has 
several benefits -in addition to those relating to diges- 
tion. 
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An obvious benefit is alleviating the discom- 
fort which results from a dry mouth. 

Another benefit is the washing of tooth enamel 
surfaces and their surrounding soft tissues or gums. 
This washing provides a preventive effect against 
disease in direct relation to the rate of salivary flow 
from the four major salivary glands which empty into 
the human mouth under various stimulations. 

Other beneficial effects of salivation arise 
from the action of the 1.0% dissolved constituents which 
exist in saliva, which is typically 99.0% water. Pro- 
teins make up about 0.3% of such dissolved constituents 
and function to degrade starches and other substances 
in the mouth by way of enzymic actions in preparation 
for digestion. Such proteins assist in the neutrali- 
zation of acids produced in the mouth or introduced 
through foods and beverages. For example, certain pro- 
line rich protein (PRP) molecules in saliva are believed 
to bind to tooth surfaces forming a protective layer, 
while others in the mouth act to aggregate and clear 
acid-producing bacteria and which PRP molecules are 
therefore thought to be anticariogenic . 

Inorganic constituents such as calcium, phos- 
phorus, bicarbonate and other electrolytes occur in 
saliva and make up the remaining 0.7% of the solid con- 
stituents. Calcium and phosphorous are present at levels 
which saturate the saliva solution in order to prevent 
dissolution of tooth enamel under normal circumstances 
and effect remineralization of early decayed enamel 
surfaces. 

In normal individuals, resting or unstimu- 
lated salivary flow is typically less than 0.1 ml/minute. 
Non-resting or stimulated salivary flow can occur due 
to aromas, flavors, tastes (either sweet, sour, salty 
or bitter) and masticatory actions. Chewing alone can 
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cause a four fold increase in the flow rate. Sour foods 
are far more effective in increasing flow rate and volume, 
often as much as ten times the resting flow. 

Saliva from stimulated glands differs qualita- 
tively from that derived from resting glands, the most 
dramatic difference being in the pH, which varies from 
the acidic pH level of 5.5 to the more basic pH level 
of 7.8 during maximum saliva flow due to the higher 
level of bicarbonate ion then present in the fluid. 
The concentration of calcium, phosphorous and other 
electrolytes also rises when the saliva flow is at an 
increased rate- After maximum flow is established, the 
concentration of salivary electrolytes continues to 
rise and may not achieve a steady state even after 15 
minutes of stimulated flow. . 

In the present invention, the concentration 
of bicarbonate in saliva (as indicated by saliva pH) 
increases as the rate of flow of the saliva from the 
salivary glands increases, as described in greater detail 
in U.S. Patent 4,568,537, the disclosure of which is 
incorporated by reference. 

The present invention achieves the desirable 
effect of a prolonged stimulation of saliva over an 
extended time period, on the order of 20 to 30 minutes, 
through a slow release of a sparingly soluble food acid- 
ulant from chewing gum base during chewing of the gum. 
Such a release characteristic produces a quantity of 
bicarbonate buffer which raises the pH of the saliva. 
Unlike soluble acidulants, relatively insoluble hydro- 
phobic acids having a water solubility of less than 
about 20% by weight at 37°C, preferably less than 7%. 
Examples of suitable acidulants for use in the present 
invention include adipic, fumaric, succinic, suberic, 
sebacic, azelaic and pimelic acids. These acids are 
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persistent in the gum base during ch wing and do not 
produce a drastic drop in the pH of saliva. For this 
reason, higher acid levels can be used without pro- 
ducing excessive and unpleasant tartness. The chewing 
of the gum brings about a slow, linear (non-exponen- 
tial) release of the acid from the gum base such that a 
slowly decreasing concentration of acid in the gum base 
occurs as opposed to the rapidly declining exponential 
release of soluble or hydrophilic food acidulants. 
Further, as would be expected from the nearly linear 
release of adipic acid from the gum, it has been found 
that the gum, throughout the 20-30 minute period of 
acid release, promotes a more nearly constant stimula- 
tion of parotid salivary flow as compared with gums 
containing rapidly dissipated acidulants such as citric 
acid which cause an initial stimulation of the saliva 
flow rate followed by an abrupt exponential decrease in 
rate. As explained more fully in U.S. Patent 4,568,537, 
gum containing 3% adipic acid stimulates nearly twice 
as much saliva as similar gum containing 3% citric acid. 

The use of chewing gum in the present inven- 
tion which effects a slow, controlled release of acid 
from the gum is to be contrasted with the use of other 
delivery methods such as hard candy or chewing gum con- 
taining a rapidly released acid such as citric, malic, 
or tartaric acid. In the case of hard candy, high con- 
centrations of acid overpowering the natural buffer 
capacity in saliva are delivered at a steady rate for a 
short period of time in combination with a high sugar 
content. Similarly, gum containing a rapidly-released 
acidulant also produces an abrupt drop in pH of the 
oral environment sometimes in combination with high 
sugar levels. Thus, the use of hard candy or chewing 
gums containing rapidly-dissipated acidulants, as con- 
trasted with the present invention, enhances cariogen- 
icity in the oral environment. 
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During the 20 to 30 minute acid release 
period in the present invention, the sustained acid and 
resulting taste stimulus is effective to increase saliva 
to a flow rate greater than that experienced during 
chewing a non- acidulated chewing gum. The result is a 
proportional increase in dental washing, a proportional 
increase in the concentration of salivary electrolytes 
and basic proteins and, most importantly, a proportional 
increase in the concentration of natural salivary bicar- 
bonate which, upon neutralizing the gum acidulant, 
results further in an elevation of the salivary pH above 
that of unstimulated saliva. 

The gum for use in the method of the present 
invention comprises gum base, a sugar or sugarless 
sweetener, flavoring and the relatively insoluble food- 
grade organic acid in an amount ranging from about 1.0 
to about 6.0% by weight of the chewing gum composition. 

The preferred food-grade acid is adipic acid, 
in an amount ranging from about 2.0% to about 3.5% by 
weight (optimum amount of about 3.0% by weight) of the 
chewing gum composition. A second preference is fumaric 
acid in ian optimum amount of about 4.0% by weight. 

The sugar sweetener in the chewing gum for 
use in the . present invention, if used, can be any sugar 
commonly used in chewing gum such as sucrose, dextrose, 
fructose, corn syrup, or the like, or a combination of 
such sugar sweeteners. 

The sugarless sweetener in the chewing gum 
for use in the present invention, if used, can be a 
water- so luble bulking agent present in an amount ranging 
from about 30% to about 65% by weight of the entire 
chewing gum composition and may comprise a sugar alcohol 
or mixtures thereof selected from the group consisting 
of sorbitol, mannitol or xylitol. The sugarless sweet- 
ener may be an artificial high-potency sweetener, that 
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is, one having a sweetness greater than 20 times that 
of sucrose such as saccharin, thaumatin, a cyclamate or 
acesulfame K. However, one preferred such sweetener is 
the dipeptide sweetener aspartame (L-aspartyl-L-pheny- 
lalanine methyl ester, originally disclosed in U.S. 
Patents 3,492,131 and 3,642,491, issued January 27, 
1970 and February 25, 1972, to Schlatter) which is used 
in an amount of about 0.025% to about 2.0% but prefer- 
ably about 0.1% by weight of the chewing gum composi- 
tion. The bulking agent may comprise a partially indi- 
gestible and non-cariogenic carbohydrate such as poly- 
dextrose. 

The gum bases of the chewing gum for use in 
the present invention should be free of calcium carbon- 
ate or other alkaline fillers which tend to neutralize 
the food acid component. A preferred filler for the 
gum bases of the chewing gum for use in the present 
invention is talc, which does not react with acids. 



EXAMPLE 1 

An adipic acid-containing chewing gum was 

produced according to the following formulation: 

Ingredient Percent bv Weight 

Sorbitol 47.70. 
Gum Base 24.75 
Glycerin 15.30 
Mannitol 8.00 
Adipic Acid 3.00 
Lemon Flavor 1*00 

Aspartame Q_ 1 2S 

100.00 

The adipic acid-containing chewing gum was 
given to a patient who suffered from xerostomia induced 
by radiation therapy for cancer, and not caused by exer- 
cising. The patient characterized his dry mouth as a 
"pretty bad problem" after eating and between meals and 
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after arising in the morning, and as a "moderate problem" 
after taking medication; and indicated that dry mouth 
was almost always present. He indicated that dry mouth 
caused a moderate amount of tooth decay, and that the 
fact that nothing helped his dry mouth to get better 
was a Ir pretty bad problem". He had previously found 
drinking water to be very helpful in relieving dry mouth, 
but chewing gum and toothb rushing to be only moderately 
helpful. ". 

The patient chewed the adipic acid-containing 
chewing gum while experiencing xerostomia not caused by 
exercising. After chewing the gum for 20 minutes, the 
patient indicated that the gum was ef fective. to help 
his dry mouth, that he experienced no unpleasant side- 
effects, and that the relief from dry mouth lasted more 
than 10 minutes after he chewed the gum. The gum 
relieved his dry mouth, making his mouth more comfort- 
able and. his breath fresher. 

A month after using a total of 20 sticks of 
the gum, the patient was asked his impression of it. 
He indicated it had been very helpful in relieving his . 
dry mouth condition, and inquired as to its commercial 
availability. 

EXAMPLE 2 

A gum suitable for. use in the method of the 
present invention can be made according to the fol- 
lowing formulation t 

Ingredient Percent bv Weight 

Sorbitol 39.41 

. Gum Base 26.91 

70% Sorbitol Solution 17.31 

Mannitol 12.01 

Adipic Acid .2.00 

Lemon Flavor 1.56 

Glycerine 0.80 

100.00 
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This gum exhibits a mild, pleasant and long-lasting 
tartness which compliments the lemon flavor. 

EXAMPLE 3 

An aspartame gum preferred for use in the 
present invention can be made according to the fol- 
lowing formulation: 

Ingredient Percent bv Weight 

Sorbitol 38.31 
Gum Base 26.91 
70% Sorbitol Solution 17.31 
Mannitol 12.01 
Adipic Acid 3.00 
Lemon Flavor 1.56 
Glycerine 0.80 
Aspartame 0* 10 

100.00 

The aspartame provides improved sweetness for the chewing 
gum and the adipic acid contributes to the stabilization 
of the aspartame. 

EXAMPLE 4 

Another gum suitable for use in the present 
invention can include fumaric acid in the following 
formulation: 

Ingredient Percent b v Weight 

Sorbitol 37.97 

Gum Ba6e 26.91 

70% Sorbitol Solution 17.31 

Mannitol 12.01 

Fumaric Acid 4.00 

Apple Flavor LOO 

Glycerine _0^80 

100.00 
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EXAMPLE 5 

Another gum suitable for use in the present 

invention can include sucrose as the sweetener: 

Ingredient Percent bv Weight 

Sucrose 62,35 

Gum Base 20.92 

Corn Syrup 12*76 

Adipic Acid 3.00 

Mixed Fruit Flavor .87 

Color 0-10 

100.00 
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What is claimed is: 

1. A method for treating xerostomia in a 
non-exercising patient having salivary glands with 
decreased salivary gland function, comprising the step 
of chewing, by the xerostomia patient, for a period of 
at least about 20 minutes, a gum containing a food- 
grade organic acid in an amount ranging from about 1-0% 
to about 6-0% by weight of the chewing gum composition, 
the acid having a water solubility of less than about 
20.0% by weight at 37 °C. or a degree of hydrophobicity 
sufficient for retention of the acid in a non-polar 
chewing gum base yet releasable therefrom over an 
extended period of time during chewing of the gum, the 
acid being released during chewing of the gum to stim- 
ulate saliva at a flow rate greater than that experi- 
enced during chewing a non- acidulated chewing gum. 

2. The method of claim 2 wherein the organic 
acid is selected from the group consisting of adipic, 
fumaric, succinic, suberic, sebacic, azelaic and pimelic 
acids. 

3. The method of claim 1 wherein the organic 
acid is adipic acid. 

4. The method of claim 3 wherein the adipic 
acid is present in an amount ranging from about 2,0% to 
about 3.5% by weight of the chewing gum composition. 

5. The method of claim 1 wherein the organic 
acid is fumaric acid. 
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6* The method of claim 5 wherein the fumaric 
acid is present in an amount of about 4.0% by weight of 
the chewing gum composition, 

7. The method of claim 1 wherein the organic 
acid has a water solubility of less than about 7.0% by 
weight at 37 °C. 

8. The method of claim 1 wherein the organic 
acid is released from the gum at a non-exponential rate 
over a time period of about 20 to 30 minutes. 

9. The method of claim 1 wherein the gum is 
a sugarless gum, and wherein a sweetening ingredient of 
the sugarless gum is a sugar alcohol or a combination 
of sugar alcohols. 

10. The method of claim 9 wherein the sugar 
alcohol or combination of sugar alcohols is selected 
from the group consisting of sorbitol, mannitol and 
xylitol, and mixing thereof. 

11. The method of claim 1 wherein the gum is 
a sugarless gum, and wherein a sweetening ingredient of 
the sugarless gum is a sugarless high-intensity sweet- 
ener. 

12. The method of claim 11 wherein the sugar- 
less high- intensity sweetener is selected from the group 
consisting of aspartame, saccharin, thaumatin, a cycla- 
mate or ace sul fame K. 



WO 89/09594 



PCT/US89/01054 



-13- 

1 13. The method of claim 1 wherein the gum is 

a sugar gum, and wherein a sweetening ingredient of the 

* sugar gum is selected from the group consisting of 

sucrose, dextrose, fructose, corn syrup and mixtures 
thereof. 

14. A method for treating xerostomia in a 
non-exercising patient having salivary glands with 
decreased salivary gland function, comprising the step 
of chewing, by the xerostomia patient, for a period of 
at least about 20 minutes, a gum containing a hydro- 
phobic food-grade organic acid, the acid having a water 
solubility of less than 20.0% by weight at 37°C. 
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